Brown algae of the genus Sargassum are widely distributed in the temperate and tropical oceans of the world, and often dominate benthic algal communities, occurring in huge floating masses. Most species have cycles of vegetative growth and attrition.
Brown algae of the genus Sargassum are widely distributed in the temperate and tropical oceans of the world, and often dominate benthic algal communities, occurring in huge floating masses. Most species have cycles of vegetative growth and attrition. 1) A number of researchers have reported their biological activities [2] [3] [4] [5] [6] [7] [8] [9] as well as secondary metabolites. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] The brown alga S. siliquastrum is commonly found in the coastal area of the Korean peninsula. Recently, some studies have addressed that S. siliquastrum possesses a number of meroditerpenoids of the chromene and related structural class [24] [25] [26] [27] and some of these meroditerpenoids exhibit biological activities such as cytotoxicity, antioxidant capacity, vasodilatation, inducement of the larval settlement of the hydrozoan, and inhibition of butylcholine esterase. [28] [29] [30] In the course of our countinuing search for bioactive compounds from marine algae, the brown alga S. siliquastrum was collected along the offshore of Jeju Island, Korea. Antioxidant activity of its organic extract was evaluated on ROS in cellular system. Bioactivity-guided partitioning and various chromatographic methods resulted in the isolation of several compounds of chromene class. Herein we report structure elucidation of chromanols (1) (2) (3) (4) (5) (6) , together with three new metabolites (4) (5) (6) , and their scavenging effect on ROS in HT 1080 cells.
Results and Discussion
The brown alga Sargassum siliquastrum was collected along the offshore of Jeju Island, Korea. The collected samples were extracted with acetone-CH 2 Cl 2 (1 : 1) and MeOH, respectively. The combined crude extracts of S. siliquastrum were fractionated into n-hexane, 85% aq. MeOH, n-BuOH, and water fractions. The 85% aq. MeOH fraction was subjected to C 18 reversed-phase vacuum flash chromatography using sequential mixtures of MeOH and water as eluents, followed by reversed-phase HPLC to yield six chromanols including new three chromanols (Fig. 1) . The three known chromanols were readily identified as two diastereomeric sargachromanols D (1) and E (2) and sargachromanol K (3) by a combination of spectroscopic analysis and comparison with data reported for these compounds. 24) Two closely related metabolites, 4 and 5, were isolated as a colorless gum. They had the same molecular formula C 27 H 42 O 5 determined by combined high resolution (HR)-FAB mass and 13 C-NMR spectrometry, and were diastereomeric to each other at C-9Ј or C-10Ј as 1 and 2. The NMR spectral data of the former were very similar to those obtained for sargachromanol D (1) while those of the latter were very close to those derived from sargachromanol E (2). The only significant differences in the 13 
C-NMR spectrum
Chromanols from Sargassum siliquastrum and Their Antioxidant Activity in HT 1080 Cells were replacements of two olefinic signals at C-3Ј and C-4Ј olefinic carbons of 1 and 2 with methylene carbon signals at d 43 and oxygen-bearing quaternary carbon signals at d 73 of 4 and 5. Corresponding changes were also observed in the 1 H-NMR spectrum in which the two olefinic proton signals 24) disappeared at d 5.17 (1H, t, Jϭ6.5) and 5.15 (1H, t, Jϭ6.7) of 1 and 2, respectively. These differences were explained by a hydration of C-3Ј double bond of 1 and 2. The location of the hydroxy group was assigned to C-4Ј by a combination of gDQCOSY, TOCSY, gHMQC, and gHMBC experiments. Particularly, gHMBC correlations of an oxygen-bearing quaternary carbon (d 73) with neighboring protons, including the methyl protons at d 1.17 and 1.14 of 4 and 5, respectively, were very helpful to define it. Thus, the structure of 4 was determined as 13-(3,4-dihydro-6-hydroxy-2,8-dimethy-2H-1-benzopyran-2-yl)-2,6,10-trimethyl-trideca-(2E,6E)-diene-4,5,10-triol.
In addition to the common asymmetric centers of the chromanols, 4 and 5 possess three additional asymmetric centers at C-4Ј, C-9Ј and C-10Ј of linear prenyl part. Relative configurations of C-9Ј and C-10Ј were assigned as 9S* and 10R* for 4 and as 9S* and 10S* for 5, respectively, based on comparison of NMR data with structurally similar compounds 1 and 2. (Tables 2, 3) 24) However, due to the limited amount of material available, the stereochemistry at C-7Ј could not be assigned definitively.
An analogous metabolite 6 was isolated as a colorless gum. The molecular formula C 22 H 32 O 4 was deduced by a combination of high-resolution mass and 13 C-NMR spectral data. This compound was highly compatible with those of sargachromanol D (1). However, there were significant differences in the 13 C-NMR spectrum. The most noticeable difference was the absence of an isoprene unit at the terminal part of the linear prenyl chain. The presence of the carboxylic acid group was also readily recognized by carbon signal at d 181 and strong absorption band at 1680 cm Ϫ1 in IR spectrum.
gHMBC long-range correlations of the methyl protons at d 1.57 and 1.17 with neighboring carbons, combined with 1 H-1 H gDQCOSY and TOCSY of the olefinic and methyl protons with upfield protons, defined structure of the linear triprenyl portion. Carboxylic acid group was located at the terminus (C-9Ј) of the prenyl chain on the basis of longrange correlation between carboxylic carbon and neighboring protons. Thus, the structure of this compound was defined as
The antioxidant effect of the isolated compounds was investigated on human fibrosarcoma HT 1080 cells. In order to avoid cytotoxic interference of these compounds at high concentrations, the influence of the sample on cell viability of HT 1080 cells was determined using 3-(4,5-dimethylthiazol-2-yl)-5-diphenyltetrazolium bromide (MTT) assay. 31) All examined compounds did not exhibit any cytotoxicity in HT 1080 cells at concentration of 5 mg/ml during 1 h incubation (Fig. 2) . Therefore, each of these compounds was used for the antioxidant experiments at concentration of 5 mg/ml.
The intracellular radical scavenging effect of isolated compounds was assessed using the 2Ј,7Ј-dichlorodihydrofluorescein deacetate (DCF-DA) fluorescence dye.
32) DCF-DA crosses cell membranes and is hydrolyzed enzymatically by intracellular esterase to nonfluorescent DCFH. Generation of 758 Vol. 59, No. 6 33) As a result, the intensity of the fluorescence emitted by DCF shows a radical scavenging effect of the tested compounds. As shown in Fig.  3 , all compounds exhibited more than a 67.2% decrease in generation of ROS at concentrations of 5 mg/ml, compared to the control. In particular, compound 2 showed the strongest scavenging effect with an 87.2% decrease of ROS generated in HT 1080 cells.
When excessive ROS is generated, free radicals react strongly with unsaturated lipids and cause lipid peroxidation, which decreases cell membrane fluidity and induces cell death. Therefore, determining the degree of lipid peroxidation and antioxidant activity is significantly important. The antioxidant effect of these compounds on lipid peroxidation was measured with the thiobarbituric acid-reactive substance (TBARS) assay. 33) As shown in Fig. 4 , lipid peroxidation was decreased in all compounds, and compounds 4 and 5 showed relatively good scavenging rates of 43.2% and 38.9%, respectively, at the concentration of 50 mg/ml.
GSH is the most abundant low molecular weight thiol inside mammalian cells, and changes in glutathione level directly reflect intracellular redox alterations. 34) To investigate the relationship between the increased ROS and the level of antioxidant materials in cells, the intracellular GSH level was measured. 34, 35) Intracellular GSH levels were significantly increased in the presence of each compound, compared with those in the absence of compounds as shown in Fig. 5 . Compounds 1-3 and 5 showed higher intracellular GSH levels than those of compounds 4 and 6.
In conclusion, six chromanols were isolated from S. sili- 13 C, respectively, using standard pulse sequence programs. All chemical shifts were recorded with respect to tetramethylsilane (TMS) as an internal standard. Mass spectral data were obtained at the Korean Basic Science Institute, Seoul, Korea. High performance liquid chromatography (HPLC) was performed with a Dionex P580 pump system equipped with Varian 350 RI detector. All solvents used were spectroscopic grade or were distilled from glass prior to use.
Plant Material The brown alga Sargassum siliquastrum was collected along the off shore of Jeju Island, Korea in May, 2003. The sample was identified by Dr. Jong Soo Yoo by its morphological character.
Extraction and Isolation The freshly-collected samples were frozen and remained frozen until chemically investigated. The samples were defrosted and repeatedly extracted for 2 d with a mixture (1 : 1) of acetone-CH 2 Cl 2 (1.5 lϫ2) and MeOH (1.5 lϫ2), respectively. The combined crude extracts (57.25 g) were evaporated under reduced pressure and then partitioned between CH 2 Cl 2 and water. The organic layer was further partitioned between 85% aq. MeOH (8.05 g) and n-hexane (7.24 g), and the aqueous layer was fractionated with n-BuOH (3.02 g) and H 2 O (38.94 g). The 85% aqueous MeOH fraction was subjected to C 18 reversed-phase vacuum flash chromatography using stepwise gradient mixtures of MeOH and water (50, 60, 70, 80, 90% aq. MeOH, and 100% MeOH), and finally 100% ethyl acetate as eluent to give 7 subfractions. The fifth fraction (0.24 g) was subjected to reversed-phase HPLC (YMC ODS-A, 87% aq. MeOH, 1 cmϫ25 cm, 2 ml/min) to yield 34 subfractions. Subfractions 16 and 20 were identified as compound 1 (9.7 mg) and 2 (23.0 mg), respectively. Subfractions 17 (23.6 mg) (2.0 mg) and 24 (22.0 mg) were further separated with reversed-phase HPLC (YMC ODS-A, 75% aq. MeCN, 1 cmϫ25 cm, 2 ml/min) to yield compound 6 (2.0 mg) and 3 (5.0 mg), respectively. The fourth fraction (0.27 g) was subjected to reversed-phase HPLC (YMC ODS-A, 76% aq. MeOH, 1 cmϫ25 cm, S-5 mm, 2 ml/min) to yield compounds 4 (6.0 mg) and 5 (7.2 mg). Tables 1 and 2 .
Cell Culture Human fibrosarcoma HT1080 cells were grown at 5% CO 2 and 37°C in a humidified atmosphere using Dulbecco's modified Eagle's medium (DMEM, Gibco Co., U.S.A.) supplemented with 10% fetal bovine serum (FBS), 2 mM glutamine and 100 mg/ml penicillin-streptomycin (Gibco Co., U.S.A.). The medium was replaced every 2-3 d.
Cell Cytotoxicity Cytotoxic levels of the compounds on cultured cells were measured using MTT assay, 31) which is based on the conversion of MTT to MTT-formazan by mitochondrial enzyme. The cells were seeded onto 96-well microplates at a density of 5ϫ10 3 cells/well for 24 h. Then the cells were treated with control medium or the medium supplemented with 5 mg/ml compounds. After incubation of 1 h, 100 ml of MTT solution (1 mg/ml) was added and incubated for 4 h. Finally, 150 ml of dimethyl sulfoxide (DMSO) was added to solubilize the formed formazan crystals, and the amount of formazan crystal was determined by measuring the absorbance at 540 nm using a multidetection microplate fluorescene spectrophotometer synergy HT (Bio-Tek Instrucments Inc., Winooski, VT, U.S.A.). Relative cell viability was determined by the amount of MTT converted into formazan crystal. Viability of cells was quantified as a percentage compared to the control, and dose response curves were developed.
Determination of Intracellular Formation of ROS Using DCF-DA Labeling Intracelluar formation of ROS was assessed using oxidation sensitive dye DCF-DA as the substrate. 32) HT 1080 cells growing in fluorescence microtiter 96-well plated were loaded with 0.02 mM DCF-DA in Hank's balanced salt solution (HBSS) and incubated for 20 min in the dark. Cells were then treated with 5 mg/ml compounds and incubated for 1 h. After the cells were washed with phosphate buffered saline (PBS) 3 times, 500 mM H 2 O 2 dissolved in HBSS was added to the cells. The fluorescence of DCF was detected after 120 min at the excitation wavelength (Ex) of 485 nm and the emission wavelength (Em) of 528 nm using a multidetection microplate fluorescene spectrophotometer synergy HT (Bio-Tek Instruments Inc.). Effects of the compounds were plotted and compared with fluorescence intensity of control and blank groups.
Membrane Lipid Peroxidation Assessment by TBARS Method The inhibitory effect on lipid peroxidation was measured spectroscopically by the TBARS method 33) with some modification. In brief, 200 ml of PBS-suspended HT 1080 cells in 1.5 ml e-tube was incubated for 10 min with test samples and distilled water as a control. One hubndred microliters of H 2 O 2 (2 mM H 2 O 2 ) and 100 ml of FeSO 4 (0.1 M FeSO 4 ) were added to cells, and then incubated at 37°C for 10 min. The oxidation reaction was terminated by adding 50 ml of cold trichloroacetic acid (TCA, 20% w/v). Four hundred and fifty microliters of TBA (1% w/v) was added to the content tube and then the mixture was heated at 90°C for 30 min. After cooling, the flocculent precipitate was removed by centrifugation and the absorbance of the supernatant was measured at 528 nm.
Measurement of Intracellular GSH The intracellular glutathione (GSH) level in intact cells was determined using monobromobimane as a thiol-staining reagent. 34) HT1080 cells were seeded into fluorescence 96-well plates at a density of 5ϫ10 3 cells/well. Cells were treated with 5 mg/ml of the compounds and incubated for 30 min. Monobromobimane dissolved in 1% DMSO was added to cells at a final concentration of 0.04 mM and staining was carried out for 120 min at 37°C in the dark. After staining fluorescence intensity was measured (excitation and emission: 360 and 465 nm) using a multidetection microplate fluorescene spectrophotometer synergy HT (Bio-Tek Instruments Inc.). The averaged fluorescence values of cell populations were plotted and compared with the control group in which cells were grown without treatment of the compounds.
Statistical Analysis Data were analyzed using the analysis of variance (ANOVA) procedure of Statistical Analysis System (SAS Institute 1999-2001). Significant differences between treatment means were determined by using Duncan's multiple range tests. Significance of differences was defined at the pϽ0.05 level.
